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It is difficult to overvalue the importance of polysaccharides for the great number of
applicative fields in which they appeared. Oligosaccharides are relatively short compounds
that are prepared from the longer polysaccharides or could also be found as such in nature.
The potential in bioactivity of marine polysaccharides is still considered under-exploited
and these molecules, including the derived oligosaccharides, are an extraordinary source
of chemical diversity. Sustainable ways to access marine oligosaccharides are particularly
important in view of the huge list of the effects they play in cell events; enzymatic tools,
on which these sustainable ways are based, and modern techniques for purification and
for the investigation of chemical structures, will be shortly discussed indicating the most
important recent literature.
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INTRODUCTION
The long list of biotechnological applications in which polysac-
charides are involved shows their importance. Especially for
marine polysaccharides, the control of quality of pharmaceutical
preparation based on such complex molecules is characterized by
challenging aspects. Active research is welcome in this particu-
lar field (Lühn et al., 2014) for widening current limitations for
use as ingredients in food supplements and cosmetics. On the
other hand oligosaccharides are relatively short molecules hence
it is relatively easy to establish a defined structure that can be pre-
cisely related to bioactivity, mechanism, regulation, etc. rendering
them properly suitable for high standards required by pharma-
ceutical industry. Marine oligosaccharides are the specific topic of
this perspective article.
In chemical nomenclature, the number of saccharide units
for poly- to oligo- name change is not defined by a general
rule being it generally extended up to 10–12 monosaccharides.
However, some rhamnogalacturonans made up of 30 monosac-
charides, whose NMR chemical shifts assignment was possible
(Duus et al., 2000), were termed megaoligosaccharides. The limit
of the smallest structure for bioactivity is not easily achiev-
able being obviously related to specific action. However, for a
case in vaccine oligosaccharides, the smallest was evidenced as a
trisaccharide (Safari et al., 2008).
The potential for bioactivity of marine polysaccharides is still
considered under-exploited and these molecules are an extraor-
dinary source of chemical diversity: polysaccharides sulfates of
marine origin should offer potentially safer compounds than
mammalian counterparts. In the current -omic age the proposal
of disseminating fucanomics and galactanomics, related to inter-
esting sulfated fucans and sulfated galactan of marine origin
was advanced (Pomin, 2012) in accord to an expected increase
of research in projects of such nature. Marine oligosaccharides
originate by chemical or enzymatic hydrolysis of marine polysac-
charides. They have a range of important functions in biological
systems, including fertilization, embryogenesis, neuronal devel-
opment, cell proliferation and metastasis; thus sustainable ways
to access these molecules are particularly important.
Sulfated fucans were first reported in 1913 (Kylin, 1913) while
biological activity of marine polysaccharides was already known
in the mid of last century (Bernardi and Springer, 1962). Modern
techniques for purification and for the investigation of chemical
structures will be also included in this discussion. As bioactive
molecules with defined structures, low-viscosity and better solu-
bility with respect to high molecular weight progenitors, marine
oligosaccharides will be of focused interest, increasing the tech-
nology readiness level of related research and bridging the gap
from basic discovery to pharmacological market application.
Related to the period 1995–2014 the hits (scientific journals,
books, reference material) retrieved from Science Direct database
using two search entries “marine oligosaccharides” and “marine
polysaccharides” are plotted in Figure 1. Numbers are signifi-
cantly high although retrieved material could contain spurious
results. However, a close inspection of titles and abstracts revealed
a low number of false positives. Further, a comparison with data
retrieved from Pubmed resulted in the same ratio of articles for
the two databases confirming the validity of the analysis.
At least two different segments can be individuated in Figure 1.
The first from 1995 to 2004 in which the trends of both searches
are parallel at two different values and a second segment, from
the end of this period up to first 3 months of current year, in
which there is an increasing difference value each year for “marine
polysaccharides.” Individuation of a third segment is also possi-
ble from 2009-2010 in which a sharp rise is visible for “marine
polysaccharides.” Values for 2014 included only first 3 months
of the year. This analysis is a good starting point for this per-
spective article for stimulating discussion and research interests
around marine carbohydrate molecules. Although the driving
effect of success in glycobiology in the last decades rendered
current carbohydrate synthesis techniques sufficiently advanced,
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FIGURE 1 | Number of total hits searching for “marine
oligosaccharides” and “marine polysaccharides” using Advanced
Search feature of Science Direct a commercial database offering ca.
2500 journals and 20,000 books. Searches are conducted in all fields
without double quotation marks (AND Boolean operator retrieves
documents that contain both words even far apart from each other).
Values for 2014 included only first 3 months of the year. Retrieval date:
March, 2014.
marine polysaccharides represent a convenient biological mate-
rial from which marine oligosaccharides can be derived. The
analysis in Figure 1 lead to a foresight for the next years related
to an expected increase of studies about marine oligosaccha-
rides (efforts for sustainable access by specific and high-yield
enzymatic hydrolysis, new enabling methodologies for straight-
forward purification techniques, quality control, activity assay,
mechanism of action, etc.).
The attracting interest in developing potential drugs for
chronic diseases has been evidenced in a recent review on bio-
function of marine oligosaccharides (Ji et al., 2011). The authors
listed many fields for application of these molecules including
food industry, cosmetics, biomedicine, agriculture, environmen-
tal protection, wastewater management, etc. However, they con-
cluded that it is hard to explain how exactly these molecules exert
their activity and future research should be directed toward the
understanding of molecular level detail of activity.
SOURCES
A general view on the sources of marine polysaccharides is impor-
tant. Marine organisms representing good sources of polysaccha-
rides are numerous and include seaweed, microalgae, bacteria,
animals (fish, shellfish, mollusks, etc.). Scientific knowledge
present in literature for each of these sources seems to differ,
from the well-known seaweed (Rinaudo, 2007) to relatively new
sources of polysaccharides such as extremophiles and microal-
gae (de Jesus Raposo et al., 2013). The high biodiversity of the
latter and how they can serve the biotechnological field has
been recently pointed out (Stengel et al., 2011; Barra et al.,
2014). Cultivable or uncultivable marine microorganisms with
particular emphasis on extremophiles are worth the mention.
Structural characteristics, rheological properties and absence of
pathogenicity of exopolysaccharides from extremophiles make
these compounds considerable for food, pharmaceutical and cos-
metics industries (Nicolaus et al., 2010; Satpute et al., 2010; Finore
et al., 2014). The under-exploited chemical diversity present in
marine polysaccharides from new sources obviously is of great
interest for the development of new marine oligosaccharides.
STRUCTURES
The attention for chemical structures of oligosaccharides fea-
tured the study of structural details (ramification, substitution,
etc.) even before high field NMR instruments were available.
This scientific paradigm is still valid today with the increasing
performances of new instruments (MS and NMR) and tech-
niques and availability of new mild and selective methodologies
for fragmentation (enzyme hydrolysis, chromatographic purifi-
cation) enabling the access to homogeneous fragments that can
be analyzed for their bioactivity as well (Préchoux and Helbert,
2014). In this context, unlike what could be expected, usually
for oligosaccharides consisting of one type of monosaccharide
unit and one glycosidic linkage, the NMR assignment of chem-
ical shifts could be more challenging with respect to molecules
variously structured (Duus et al., 2000). In general a combina-
tion of NMR and mass spectrometry is used for oligosaccharides
and polysaccharides; a recent example of these studies related to
galactomannan from marine fungi, reported the backbone com-
posed by the rare α-1,2-linked mannoses (Shoudong et al., 2014).
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The use of MS (Lang et al., 2014) and NMR techniques cou-
pled to specific enzymes helped a lot in the structural analysis
(Correc et al., 2011) and in the preparation of oligosaccharides. In
an attempt to obtain low molecular-weight derivatives from sul-
fated fuco-oligosaccharides, results based on mild acid hydrolysis
were also reported (Pomin et al., 2005). Authors were able to pre-
pare oligosaccharides with well-defined molecular size as shown
by narrow bands in polyacrylamide gel electrophoresis.
ENZYMATIC HYDROLYSIS
Enzymes for the hydrolysis of polysaccharides of marine origin
are in the spotlight being the natural tools for polysaccharide
metabolism in the living ecosystems. The case of chitinases is
illustrative (Beier and Bertilsson, 2013). Chitin as the major com-
ponent of crustacean represents a nutrient source for the ecosys-
tem and a revised understanding of the ecology and biochem-
istry of this process has been proposed. The marine bacterium
Saccharophagus degradans, whose complete genome sequence has
been reported is of great interest in the context of enzymatic
hydrolysis of polysaccharides. An unusually large number of bio-
catalysts degrading complex polysaccharides is reported (Weiner
et al., 2008). For the sake of space it is out of the scope of this
article discussing in details each polysaccharidase class. Examples
of application are reported in literature (Giordano et al., 2006;
Trincone, 2013) with only latest few in a not-exhaustive Table 1.
However, it’s worth mention a novel activity such as the marine
hyaluronidase. This enzyme class is capable of hydrolysis of
hyaluronic acid (HA), a biopolymer abundant in extracellu-
lar matrices. The study of hydrolysis-transfer reactions fo this
enzyme is of interest for the identification of new selectivities in
biocatalytic steps for the manipulation of the pharmacologically
important HA. Bovine enzyme is the commercial representative
of hyaluronidases but new examples are found in other envi-
ronments. Venoms of two classes of fish, freshwater stingray
(members of the genus Potamotrygon) and stonefish (members of
the genus Synanceia), contain hyaluronidases that are considered
Table 1 | Polysaccharidases from marine environmenta.
Enzyme class References
Agarases Gupta et al., 2013; Liu et al., 2014; Seo et al., 2014;
Yang et al., 2014
Xylanases Chen et al., 2013
Chitinases Halder et al., 2014
κ-, ι-, and λ-
carrageenases
Anastyuk et al., 2011; Liu et al., 2011
Laminarinases Kumagai and Ojima, 2010; Cota et al., 2011; Kim et al.,
2013; Kumagai et al., 2014; Menshova et al., 2014; Wu,
2014
Fucanases Bilan et al., 2005; Descamps et al., 2006;
Rodriguez-Jasso et al., 2010; Silchenko et al., 2013,
2014; Yu et al., 2013, 2014a,b
Mannanases Zahura et al., 2012
Hyaluronidases Madokoro et al., 2011; Kiriake et al., 2014
aMost of the examples in literature are reported in Giordano et al. (2006) and
Trincone (2013), only new ones are mentioned here.
spreading factors facilitating tissue diffusion of toxins by degrad-
ing hyaluronan. Natural quick action characterizing these biocat-
alysts is a very interesting feature for biocatalytic manipulation
of these carbohydrate-related molecules (Madokoro et al., 2011;
Kiriake et al., 2014) also in view of bioactivity expressed by the
polymer and HA oligosaccharides (Ariyoshi et al., 2012). Another
interesting case of enzyme application is the efficient food grade
extraction of algae (Ecklonia cava) to prepare antioxidant water-
soluble extracts (Kim et al., 2006). As far as purification tech-
nology is concerned, supercritical fluid extraction seems to be
one of the most promising for economical asset also for polar
compounds. It was studied at laboratory scale with theoretical
mixtures and using carbohydrates produced by enzymatic transg-
lycosylation. The process has been scaled-up to an industrial level
to simulate economic feasibility and results supported the interest
for a potential investment (Montanés et al., 2012).
BIOACTIVITY
As far as bioactivity of marine oligosaccharides is concerned it
is evident that more and more articles are appearing in litera-
ture in recent years. Few years ago some authors summarized
the bioactivity of oligosaccharides derived from seaweed in stim-
ulating defense responses and protection against pathogens in
plants. In particular seaweed oligosaccharides were able to medi-
ate to a series of actions, such as (i) expression of genes for
antifungal and antibacterial protein production, (ii) activation
of other defense enzymes and (iii) production of active nat-
ural products (Weinberger et al., 2010; Vera et al., 2011), all
converging toward enhanced protection against pathogens. The
antioxidant activities of three types of marine oligosaccharides
from alginate, chitosan and fucoidan, were investigated using
several antioxidant assays with mixtures of compounds of aver-
age molecular weight of ca. 5000Da corresponding to 20–25
monosaccharide units, obtained by enzymatic hydrolysis of cor-
responding polymers. Intriguingly, the results showed that these
oligosaccharides exhibited different activities in various assays
(Wang et al., 2007) in relation to their structures. Attenuation of
neurotoxicity induced by amyloid protein and hydrogen superox-
ide in human neuroblastoma cells has been reported for acidic
oligosaccharide obtained from brown algae Ecklonia kurome
by depolimerization. Amino and hydroxyl groups attached to
free positions of the pyranoses rings can react with unsta-
ble free radicals to form stable macromolecule chelating metal
ions. Alginate-derived oligosaccharides of 373–571Da and chito-
oligosaccharides of 855–1671Da obtained by enzymolysis with
alginate lyase and chitosanase respectively, were investigated for
cell regulation, erythrocytes haemolysis inhibition and antioxi-
dant capacity (Hu et al., 2004). Others stressed on the anti-UV
radiation potential of both alginate-derived oligosaccharides and
chito-oligosaccharides and discussed the potential for develop-
ment of UV radiation protector agent in the area of functional
foods (He et al., 2013). Particular attention has been reserved
to fucoidans for complex structures and for bioactivity they
revealed. Studies to improve polymer extraction efficiency are of
current interest (Rodriguez-Jasso et al., 2011) as well as those
related to enzymes (Table 1) such as the fucoidanase reported
from Lambis possessing endo-1,4 cleaving type action (Silchenko
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et al., 2014) that will be of interest as a tool for structure deter-
mination and for the access to specific products as also previously
indicated (Pomin et al., 2005).
CONCLUSION
The intent of this short article can’t be more than an indication of
an important topic in marine biotechnology with (partial) signal-
ing of key articles and individuation of possible trends as derived
from global (Figure 1) and more detailed analyses of cited refer-
ences. A foresight for marine oligosaccharides as molecular tools
of great promise in pharmacology can be confirmed. In Europe,
the research funding Horizon 2020 programme [http://ec.europa.
eu/programmes/horizon2020/], with the effort to unlock poten-
tial of the sea and oceans, will result soon in knowledge increase
in molecular technologies suitable for interdisciplinary study
of these molecules. Resulting reports will be surely hosted in
scientific journals dedicated to Marine Biotechnology.
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